Introduction {#Sec1}
============

Effective teachers are a primary fulcrum for student success. As with other professionals, teachers must acquire the confidence and belief (self-efficacy) that they can undertake a set of work-related tasks that encompass their field of endeavor---education (Bandura [@CR3]). A strong sense of efficacy influences one's choices, effort, perseverance, and resilience (Bandura [@CR11]), and is a well documented aspect of effective teachers (Henson et al. [@CR30]). The tasks of creating engaging learning environments that promote cognitive growth "rests heavily on the talents and self-efficacy of teachers" (Bandura [@CR11], p. 240).

Along with various measures of teacher knowledge and skills (Guskey and Passaro [@CR26]; Guskey and Yoon [@CR27]; Scher and O'Reilly [@CR50]), one component of teacher professional development (TPD) program evaluation is assessing teacher self-efficacy (Caprara et al. [@CR16]; Gibson and Dembo [@CR23]; Shidler [@CR53]; Tschannen-Moran and Woolfolk Hoy [@CR58]; Tschannen-Moran et al. [@CR59]; Zielinski et al. [@CR62]).

In particular, it is useful to assess the impact of TPD on teacher efficacy as it relates to K-12 *science* teacher ability (Riggs and Enochs [@CR42], [@CR44]).

Our project sought to examine the usefulness of science teacher efficacy scales in evaluating our science TPD program for kindergarten-through-twelfth grade (K-12) educators. A review of the literature found two inservice science teacher efficacy scales. We explored the academic evolution of these two scales, the Science Teaching Efficacy Belief Instrument (STEBI, Form A; hereinafter referred to as STEBI-A) (Riggs and Enochs [@CR41], [@CR42]) and the Self-Efficacy Teaching and Knowledge Instrument for Science Teachers (SETAKIST) (Roberts and Henson [@CR44]). A portion of the SETAKIST was extracted from the STEBI-A. Both of these scales were used with elementary teachers. The STEBI-A was applied at the middle school level (Desouza et al. [@CR19]).

Because our program encompasses K-12 science teachers, we sought a scale that would serve as an efficacy measure for [all]{.ul} precollegiate grade levels. We selected the shorter SETAKIST instrument (16 items in contrast to the STEBI's 25) and made minor modifications of three scale items to better align with our K-12 science teacher experiences. We conducted a validation study of this revision---the SETAKIST-R---and present those results in this paper.

General Self-Efficacy {#Sec2}
---------------------

Key constructs in Bandura's ([@CR5], [@CR11]) social learning theory---self efficacy beliefs and reciprocal determinism---illustrate that humans are motivated by three interrelated forces: external environmental influences, internal personal factors (cognitive, affective, and physiological processes), and our current and past behaviors. We are products of the interplay of these forces. Bandura ([@CR6], [@CR7], [@CR8], [@CR9], [@CR10], [@CR11]) refined the idea that beliefs in our own abilities have powerful effects on our behavior, motivation, and success or failure. Belief, the "information that a person accepts to be true" (Koballa and Crawley [@CR33], p. 223), is viewed as different from attitude, which is "a general positive or negative feeling toward something" (Riggs and Enochs [@CR42], p. 625). Attitudes can be formed on the basis of beliefs; both attitudes and beliefs influence behavior. Riggs and Enochs ([@CR42]) explained the association among belief, attitude, and behavior in the following example: "An elementary teacher judges his/her ability to be lacking in science teaching (belief) and consequently develops a dislike for science teaching (attitude). The result is a teacher who avoids teaching science if at all possible (behavior)" (Riggs and Enochs [@CR42], p. 625--626).

Bandura ([@CR4]) solidified self-efficacy as a theoretical component of behavior change, describing self-efficacy as a probable determinant of our actions when presented with complex situations and how effectively we pursue steps relative to these situations (Bandura [@CR4]). Stating that behavior is based on beliefs, he further suggests that efficacy beliefs can be measured on different dimensions including level, generality, and strength (Bandura [@CR3], p. 42--44). He proposed that self-efficacy assessments include both the "affirmation of capability and the strength of that belief" (Bandura [@CR3], p. 382). Two belief components, labeled *self*-*efficacy* and *outcome expectancy*, are predictors of behavior change relative to dimensions such as occupational tasks, decision making, and learning (Bandura [@CR3]) and can be situation specific (Bandura [@CR6], [@CR11]; Guskey [@CR25]; Riggs and Enochs [@CR42]).

Teacher Self-Efficacy {#Sec3}
---------------------

Bandura acknowledges that self-belief may not ensure success, but implies its importance when he says, "self-disbelief assuredly spawns failure" ([@CR3], p. 77). Classroom teachers are challenged by high-stakes testing, prescribed curricula, over-crowded classrooms, and decreasing budgets. In this tumult, 'self-disbelief' (low efficacy) can undermine teachers and classroom instruction. In contrast, 'self-belief' (high efficacy) can elevate teachers' confidence and resourcefulness in response to modern classroom challenges. Teacher efficacy is thought to be "one of the key motivation beliefs influencing teachers' professional behaviors and student learning" (Klassen et al. [@CR32], p. 21).

Teacher efficacy became known as a judgment of a teachers' capabilities to bring about desired outcomes (e.g., student engagement, knowledge, and skill acquisition) (Tschannen-Moran and Woolfolk Hoy [@CR58]). The definition extended from the individual teacher to a "collective" capacity to influence learning (Klassen et al. [@CR32]; see also, Ross and Gray [@CR48]).

Published and unpublished efficacy scales have been used to explore teacher self-efficacy in relationship to various aspects of the teaching enterprise. Self-efficacy responses have been used in studying teacher motivation (Ashton and Webb [@CR2]; Ross [@CR47]), job satisfaction (Caprara et al. [@CR16]), and teachers' views of their roles within an educational system (Desouza et al. [@CR19]). Additional self-efficacy studies have explored teacher contributions to school improvement (Dembo and Gibson [@CR18]), and how much perceived control teachers have over that educational environment (Tschannen-Moran et al. [@CR59]).

Self-efficacy scales have been used in studies reporting how teachers construct student learning activities and the time spent in teaching content (Gibson and Dembo [@CR23]), how they persist in and adapt instruction to meet student learning needs (Guskey [@CR24]; Stein and Wang [@CR57]), and how curriculum is implemented and impacts student achievement (Armor et al. [@CR1]; Ashton and Webb [@CR2]; Caprara et al. [@CR16]; Shidler [@CR53]). Responses to self-efficacy scales were used also to determine the amount of time necessary to conduct cost-effective TPD (Roberts et al. [@CR45], [@CR46]).

Researchers advocate measuring teacher self-efficacy over time, noting that significant changes in teacher attitudes and beliefs occurred [after]{.ul} there was evidence of improved student learning (Guskey [@CR25]; Moreno and Tharp [@CR35]; Shidler [@CR53]). However, a ceiling effect or maximum at which changes in teacher efficacy may be seen is noted (Shidler [@CR53]).

Science Teacher Self-Efficacy Scales: From Rotter to SETAKIST {#Sec4}
-------------------------------------------------------------

### Rotter's Internal and External Locus of Control and Rand Efficacy {#Sec5}

Figure [1](#Fig1){ref-type="fig"} outlines the developmental progression of science teacher self-efficacy scales, including their underlying theoretical constructs. Incorporating Rotter's ([@CR49]) locus of control theory, teacher efficacy studies formally began with the Rand report (Armor et al. [@CR1]) (Fig. [1](#Fig1){ref-type="fig"}) which noted that efficacious teachers contributed to the success of a reading program used in Los Angeles schools. The portion of the study devoted to efficacy simply provided two reflective prompts; these assumed that student learning and motivation reinforced teachers' actions. The prompts were affixed to a five point Likert scale, "Strongly agree = 1" to "Strongly Disagree = 5." The statements used were:Fig. 1Academic evolution of science teacher efficacy scales"[Rand Efficacy Item 1]{.ul}: "When it comes right down to it, a teacher really can't do much -- most of a student's motivation and performance depends on his or her home environment," and[Rand Efficacy Item 2]{.ul}: "If I try really hard, I can get through to even the most difficult or unmotivated students" (Armor et al. [@CR1], p. 33)."

Item responses were combined into a single efficacy score to gauge the extent that a teacher believed he/she had the capacity to effect student learning (Armor et al. [@CR1]). The Rand stated that the more efficacious teachers felt, the higher the student scores rose in reading achievement.

### Bandura's Teacher Self-Efficacy Scale (TSES) {#Sec6}

Bandura's Teacher Self-Efficacy Scale (<http://people.ehe.ohio-state.edu/ahoy/files/2009/02/bandura-instr.pdf>) is a 30 item efficacy measure written in interrogative rather than declarative statements, affixed to a nine point scale anchored at five points ("nothing," "very little," "some influence," "quite a bit," and "a great deal") (Fig. [1](#Fig1){ref-type="fig"}). Bandura posited seven subscales that probed the degree of influence and efficacy teachers have over certain classroom issues, such as acquiring materials/equipment, instructional skills, and disciplinary concerns.

### Gibson's Teacher Efficacy Scale (TES) {#Sec7}

The Rand items and the themes in Bandura's scale influenced the creation of the Teacher Efficacy Scale (TES) by Sherri Gibson (Gibson and Dembo [@CR23])---the first published scale of its kind (Fig. [1](#Fig1){ref-type="fig"}). Gibson and Dembo ([@CR23]) applied Bandura's self-efficacy theory to teaching outcomes. They state that teachers""...who believe student learning can be influenced by effective teaching (outcome expectancy beliefs) and who also have confidence in their own teaching abilities (self-efficacy beliefs) should persist longer, provide a greater academic focus in the classroom, and exhibit different types of feedback than teachers who have lower expectations concerning their ability to influence student learning" (p. 570)."

In their study (Gibson and Dembo [@CR23]), Gibson's 30 item TES was reduced to 16 items that factored into two constructs: Personal Teaching Efficacy and Teaching Efficacy. The Teaching Efficacy dimension was later termed General Teaching Efficacy by other users (Henson et al. [@CR30]). The TES provided the seed for growing *subject*-*specific* scales and influenced the development of the Science Teaching Efficacy Belief Instrument (STEBI-A) (Riggs and Enochs [@CR41], [@CR42]) (Fig. [1](#Fig1){ref-type="fig"}).

### Science Teaching Efficacy Belief Instrument, Form A (STEBI-A) {#Sec8}

Using a thoroughly detailed process, the 25-item STEBI-A, was developed specifically for inservice elementary teachers of science (Riggs and Enochs [@CR41], [@CR42]); and concurrently modified for use with preservice elementary science teachers as STEBI, Form B (Enochs and Riggs [@CR21]). STEBI-A retained some of Gibson's items with minor modifications for science content and/or to reflect teachers as a whole, rather than the individual respondent. For example, the modifications of Gibson's TES item 1 to STEBI-A item \` illustrates both points: [TES Item 1]{.ul}, "When a student does better than usual, many times it is because I exerted a little extra effort." (Gibson and Dembo [@CR23], p. 581), as compared with [STEBI-A Item 1]{.ul}, "When a student does better than usual in *science*, it is often because *the teacher* exerted a little extra effort." (Riggs and Enochs [@CR42], p. 634). As well as utilizing Gibson's TES items, Riggs and Enochs ([@CR41], [@CR42]) created additional items for the STEBI-A. All items were linked to a five point Likert scale: "Strongly Agree" (5) to "Strongly Disagree" (1). Negatively worded items were scored in the opposite direction.

When analyzed, the STEBI-A, maintained two belief components suggested by Bandura. These were labeled *Personal Science Teaching Efficacy Beliefs* (PSTE, 13 items) and *Science Teaching Outcome Expectancy* (STOE, 12 items). Riggs and Enochs ([@CR42]) suggested ways the scale could inform teacher inservice design and published their final scale. With their scale, they found that teachers with high PSTE scores spent more time developing science concepts for students (Riggs and Jesunathadas [@CR43]); those with low PSTE spent less time (Riggs [@CR40]). The STEBI-A was used to determine the optimal length of TPD programs (Roberts et al. [@CR45], [@CR46]) and stimulated the development of the SETAKIST (Roberts and Henson [@CR44]) (Fig. [1](#Fig1){ref-type="fig"}).

### Self-Efficacy Teaching and Knowledge Instrument for Science Teachers (SETAKIST) {#Sec9}

In a paper presented at a regional educational research meeting, Roberts and Henson ([@CR44]) raised concerns about the STOE subscale of the STEBI-A (Riggs and Enochs [@CR42]) and the Teaching Efficacy subscale of the TES (Gibson and Dembo [@CR23]). Of the STEBI-A, they questioned the reliability of "a two-factor solution that explained no more than 60 % of the overall variance" (Roberts et al. [@CR45], p. 7) and cautioned others about using the STOE subscale. They chose to create a new scale, the SETAKIST, by removing the STOE construct of the STEBI-A, and replacing it with items intended to reflect Shulman's promotion of pedagogical content knowledge (Roberts and Henson [@CR44]; Shulman [@CR54], [@CR55], [@CR56]; Hutchings and Shulman [@CR31]) (Fig. [1](#Fig1){ref-type="fig"}), meaning the way in which subject matter knowledge is transformed into the art of teaching that subject (Shulman [@CR54]). A combination of 10 STEBI-A items taken from the PSTE subscale (six copied verbatim, four re-worded), one item copied verbatim from the STOE, and five new items, similarly related to the PSTE, made up the 16 item SETAKIST proposed by Roberts and Henson ([@CR44]).

The SETAKIST consisted of two constructs, eight items each: *Teaching Efficacy* and *Knowledge Efficacy* (Roberts and Henson [@CR44]). Developers claimed that the [Teaching Efficacy]{.ul} construct in the SETAKIST was similar to the STEBI-A's PSTE subscale. The subscale has two items taken verbatim from the PSTE, three slightly modified from the PSTE, one item from the STEBI-A's STOE, and two new items. Together SETAKIST items 2, 4, 6, 8, 10, 12, 15, and 16 make up Teaching Efficacy.

In place of the STOE construct of the STEBI-A, Roberts and Henson ([@CR44]) offer the [Knowledge Efficacy]{.ul} subscale. The SETAKIST's Knowledge Efficacy subscale explores the concept that "content knowledge is part and parcel with ... teaching ability" (Roberts and Henson [@CR44], p. 12). The Knowledge Efficacy subscale incorporated four verbatim items from the STEBI-A's PSTE subscale, one modified PSTE item, and three new items.

Roberts and Henson ([@CR44]) used the same five point scale as the STEBI-A. However, they do not mention reversely scoring negatively stated items as did Riggs and Enochs ([@CR41], [@CR42]). The factor analysis of their pilot study confirmed two subscales: Teaching Efficacy and Knowledge Efficacy (Roberts and Henson [@CR44], p. 7).

In this paper, we build on the academic lineage and evolution of science teacher efficacy scale development, with the primary goal of reporting the development and validation of the SETAKIST-R as a possible addition to our TPD evaluation toolkit. Our team revised the original SETAKIST for use with K-12 teachers by rewording three items; herein, the scale is named the SETAKIST-R.

Measuring self-efficacy is only one component of evaluating TPD (Guskey [@CR25]; Moreno and Tharp [@CR35]; Zielinski et al. [@CR62]), with much discourse regarding the appropriate methods for measuring the self-efficacy construct and determining the validity of self-efficacy instruments (Boone et al. [@CR14]; Desouza et al. [@CR19]; Henson et al. [@CR30], Roberts and Henson [@CR44]). Although classical confirmatory factor (CFA) analysis was used to validate the SETAKIST (Roberts and Henson [@CR44]), we have opted to apply newer item-response theory (IRT) techniques, including Rasch item-response models, to the SETAKIST-R.

Methods {#Sec10}
=======

Development of the SETAKIST-R {#Sec11}
-----------------------------

### Items {#Sec12}

The SETAKIST-R retained thirteen of the original sixteen SETAKIST items (Roberts and Henson [@CR44]). We changed the wording in three items (6, 9, and 12) to better align the items with the way our K-12 science teachers speak of their instructional practices. The changed items are described in Table [1](#Tab1){ref-type="table"}.Table 1SETAKIST-R item revisions and rationaleSETAKISTSETAKIST-RRationale for changeItem 6\
Even when I try very hard, I do not teach science as well as I *teach most other subjects*Item 6\
Even when I try very hard, I do not teach science as well as I *would like*Item 6\
Most teachers, elementary or secondary, in our data set and in our projects indicate that they are the science teacher, rather than a multi-disciplinary teacher. If teaching more than one subject, it is typically another science, not content from another disciplineItem 9\
I know the *steps* necessary to teach science concepts effectivelyItem 9\
I know *how* to teach *important* science concepts effectivelyItem 9\
In our area elementary teachers are tasked with 'steps' in a lesson cycle, not 'steps' in teaching science concepts. They are provided with curricula or training that suggests methods (the *how to*) for use in teaching scienceItem 12\
I generally teach science ineffectivelyItem 12\
I *might be better* teaching something other than scienceItem 12\
Even though our teachers are named as the science teachers on their campuses, many hold either a generalist's or other blended certification (e.g., composite) or dual (even multiple) certifications. Hence, by certificate, they could be called upon to teach another subject. We changed the option to reflect that possibility

### SETAKIST-R Response Format {#Sec13}

We used the same 5-item response categories as the original SETAKIST, however, to align the SETAKIST-R with a format already being utilized in our programs, we assigned a score of one to Strongly Agree and five to Strongly Disagree. This weighting is opposite that of Roberts and Henson ([@CR44]). For analysis and scoring purposes, we recoded all items so that high scores reflected higher levels of self-efficacy.

SETAKIST-R Validation Study Protocol {#Sec14}
------------------------------------

The SETAKIST-R ("[Appendix](#Sec28){ref-type="sec"}") was administered at our project's informational booth at the Conference for the Advancement of Science (CAST) held in Houston, Texas, November 11--13, 2010. The CAST, the annual state-wide Science Teachers Association of Texas (STAT) meeting, is a well regarded large regional K-12 science education conference. In 2010, approximately 7,000 persons attended the CAST (STAT [@CR52]).

Teachers who visited our booth were asked to participate in our study of self-efficacy scales; 334 K-12 teachers opted to do so. The study protocol, informational consent document, and scales were available to participants in paper documents and electronically. All aspects of this study were approved as an educational exemption by the University of Texas Health Science Center at San Antonio's institutional review board (Protocol Number HSC 20110090E) not requiring written informed consent. Teachers responded to the scale without personal identifiers.

Given the logistics and resources at the booth, some teachers took the SETAKIST-R on computer and others completed it on paper surveys. On-line entry was completed by 194 (58 %) teachers using laptop computers connected to a secure password-protected database. SETAKIST-R scale instructions and items were presented on screen in the same format as they were on paper. On-line users were assigned a unique identifier number. Paper forms were assigned random identifier numbers from an Excel generated random number list (2007 Version of Excel). All paper forms were bundled by participant number, secured, and later entered into the database by project staff. Use of the self-monitoring electronic database, combined with attentive staff data entry of paper forms, resulted in minimal missing data. For analyses, data were downloaded as reports into Excel spreadsheets, reviewed, then submitted for processing. We thanked the teachers for completing the instruments by giving them educational posters, bookmarks, pens, and a stress squeeze ball.

SETAKIST-R Statistical Analysis {#Sec15}
-------------------------------

### Scaling {#Sec16}

The response scale for the SETAKIST-R ranges from "Strongly Agree = 1" to "Strongly Disagree = 5." For the most part, items alternate between being positively worded and negatively worded. The responses to items 1, 3, 5, 7, 9, 11, 13, and 14 were reversed coded, so that higher values would indicate higher levels of self-efficacy. In addition, the responses were anchored at 0 to facilitate computation of the generalized linear models for our item-response analyses. Therefore, a 0 represented very low self-efficacy and a 4 high self-efficacy.

### Rasch Analysis {#Sec17}

Considerable discussion has been published regarding the scoring and statistical approaches to validating efficacy instruments (Boone et al. [@CR14]; Desouza et al. [@CR19]; Henson [@CR29], [@CR28]; Henson et al. [@CR30]; Roberts and Henson [@CR44]). We opted to apply IRT techniques, including Rasch item-response models to the data collected using the SETAKIST-R. Precedent for this is well-established (Boone et al. [@CR14]; Desouza et al. [@CR19]; Kyriakides and Creemers [@CR34]).

Item-Response Theory (IRT) links item responses to levels of the latent trait. It assumes that the characteristic being measured is a single (unidimensional), continuous, and unobserved (latent) trait. The Rasch model maps the probability of agreement on a particular SETAKIST-R item to a person's underlying level of self-efficacy with respect to teaching science. We started by fitting a generalized linear model for an ordered categorical response, an ordered logistic regression model, with two sets of parameters: one set for items, one set for persons.

There are two basic models for ordered categorical responses: Rating Scale Model (RSM) and Partial Credit Model (PCM) (De Boeck and Wilson [@CR17]). The RSM imposes strict criteria for the item responses represented in the data. These criteria include:All values for the rating scale must be represented on all items; andIf a single item lacks a particular rating scale value, for example '5' on a 5 point scale, then the model fails to converge.

The PCM model relaxes the constraints. The constant scoring property is relaxed so that the items can have different numbers of categories.

We conducted our IRT analyses in three stages. First, we fit a PCM model with all 16 SETAKIST-R items to evaluate item-fit and unidimensionality. Second, we used principal components analysis on the person-item residuals to evaluate unidimensionality, and we used CFA to evaluate the fit of the component model to the data. Third, we re-fit the Rasch PCM model for the items associated with each component identified in our analysis of dimensions found among the person-item residuals.

We computed person and item reliability (separation) indices for each subscale. Person reliability is the Rasch equivalent for traditional measure of internal consistency, such as Cronbach's alpha. Low Person reliability (\<0.80, separation index \<2.0) suggests that an instrument lacks sufficient sensitivity to discriminate persons who are high from those who are low on the latent dimension. Low Item reliability (\<0.90, separation index \<3) suggest that the items are insufficiently distributed across the range of the latent dimensions to adequately measure the construct (low construct validity).

We also examined the person-item maps that map the responses on each item to the underlying latent dimension. Estimate of the person values on the latent dimension appear as a histogram at the top of the graph. Ideally, the distribution of the person self-efficacy measure should be symmetrically distributed across a sufficient range of the latent dimension to adequately evaluate an instrument. Skewed distributions indicate either that there is insufficient variation in self-efficacy appraisals among the sample participants or that the instrument itself lacks sufficient sensitivity. The mapping of the distribution of item responses to the latent dimension appears in the lower part of the graph. The items are ranked from the lowest to the highest along the vertical axis in terms of their mean value along the latent dimension, indicated by a solid black circle on the graph. Ideally, the mean responses should form a diagonal, from low to high, across the range the latent dimension. The model coefficients (differences in logits between each response level and the lowest value (reference = 0)) for each individual response (1--4) is represented by open circles. The distribution of these individual responses is expected to follow an ordered pattern from low to high. Deviations from this pattern (disordered responses) suggest significant problems with the item wording, scaling, or both.

Results {#Sec18}
=======

Science Teacher Sample {#Sec19}
----------------------

Three hundred thirty-four K-12 science teachers completed the SETAKIST-R. The majority were female (84 %, N = 280) and white (83 %, N = 277). Twenty-five percent (N = 78) identified themselves of Hispanic or Latino origin and 8 % (N = 28) as African American. All grade levels were represented; with the majority of teachers instructing at the elementary school level (55 %, N = 185). The mean teacher age was 40 years (SD = 11; range: 21--67 years).

The average number of years of teaching experience was 11 (SD = 9; range: 0--42 years). About half of the teachers (51 %, N = 167) received their certification through 'traditional' university-based routes. The remainder obtained their certification through various alternative routes. Most respondents held only one certification (76 %, N = 251). Those holding more than one certificate typically had certification in multiple science areas, although some held certificates in English as a Second Language, special education, or mathematics. Teacher respondents were from 19 of the 20 Regional Educational Service Centers in the state of Texas; however, most of those responding to the SETAKIST-R were from Region 4 Houston (25 %, N = 83); Region 20 San Antonio (15 %, N = 51); Region 1 Edinburg (11 %, N = 35), and Region 10 Richardson (11 %, N = 35). The majority (61 %, N = 204) had more than five years teaching experience. Overall, our SETAKIST-R respondents were a representative sample of all CAST attendees. CAST organizers polled 1,000 participants and determined that the 2010 attendees were female (86 %), aged 25--54 (83 %), with more than 5 years teaching experience (75 %) (Science Teachers Association of Texas [@CR52]).

Missing Data {#Sec20}
------------

Of our entire data set, only 11 forms were incomplete. Missing demographic data was left blank except for determining Educational Service Center locations based on school or district names provided. Eleven respondents chose not to list gender; two did not respond to the awards item. All respondents answered each of the 16 SETAKIST-R items, providing complete data.

SETAKIST-R Dimensionality {#Sec21}
-------------------------

We fit a PCM model with all 16 SETAKIST-R items to evaluate item-fit and unidimensionality. The infit and outfit statistics for 16 items in the SETAKIST-R are displayed in Table [2](#Tab2){ref-type="table"}. The statistics are organized according to the two a priori expected constructs: Knowledge Self-efficacy and Teaching Self-efficacy. Except for item five, "improvising experiments," and item six, "inviting the principal to evaluate one's teaching," the infit and outfit statistics suggest that the items fit well.Table 2Infit and outfit statistics for the 16 SETAKIST-R itemsContent categoryItem (verbiage abbreviated)Chi square*dfp* valueOutfit MNSQInfit MNSQKnowledge efficacy1. Welcoming Questions357.483240.0971.101.083. Answering questions313.333240.6550.960.855. Improvising experiments492.823240.0001.521.097. Confident teaching320.743240.5410.990.989. Teach effectively261.763240.9950.810.8211. Finding better ways324.553240.4811.001.0213. Understand concepts238.863241.0000.740.7214. Student interest285.533240.9390.880.89Teaching efficacy2. Necessary skills219.233241.0000.680.734. Principal evaluate633.313240.0001.951.226. Teach well305.073240.7680.940.898. Difficult topic257.253240.9970.790.8310. Difficult to explain250.783240.9990.770.7712. Teach something else394.943240.0041.220.9415. Anxious teaching460.173240.0001.421.3016. Better understanding359.783240.0831.111.03

The principal components analysis on the person-item residuals, however, suggests that the 16 items define two separate constructs. The mapping of the items to the constructs suggests that the structure of the SETAKIST-R is consistent with the proposed structure for the original SETAKIST. We used CFA to evaluate the fit of the two dimensions to the SETAKIST-R item-responses.

The fit statistics for the two-factor solution suggest that the hypothesized measurement model provides a reasonably close fit between the item-responses and the suggested measurement model: Knowledge Efficacy and Teaching Efficacy (Table [3](#Tab3){ref-type="table"}).Table 3Fit statistics confirmatory factor analysisFit statisticValueDescriptionPopulation error RMSEA0.063Root mean squared error of approximation 90 % CI, lower bound0.053 Upper bound0.074 pclose0.020Probability RMSEA ≤ 0.05Baseline comparison CFI0.915Comparative fit index TLI0.901Tucker-Lewis indexSize of results SRMR0.048Standardized root mean squared residual CD0.956Coefficient of determination

### Rasch PCM Analysis for the Knowledge Efficacy Items {#Sec22}

The infit and outfit mean square residuals for the seven Knowledge Efficacy items all have MNSQ values within the 0.5--1.5 range (Table [4](#Tab4){ref-type="table"}), except item 5 "improvising experiments" with the infit MNSQ = 1.958, indicating that this item fails to contribute much to the measurement of Knowledge Self-efficacy, and it easily could be deleted without affecting the scale. The person reliability, corrected for extreme values, was very low at 0.74, yielding a separation index of only 1.7. The corresponding item reliability is 0.80 (separation index = 2.0) are also quite low. This suggests that the Knowledge Self-efficacy scale lacks sufficient sensitivity to discriminate individuals with high levels from those with lower levels of Knowledge Self-efficacy. These low values could be a function of too few items assessed on a sample of individuals failing to adequately represent an entire range of Knowledge Self-Efficacy.Table 4Infit and outfit statistics for the knowledge efficacy itemsItem (abbreviated)Chi square*dfp* valueOutfit MNSQInfit MNSQ1. Welcoming questions359.4262980.0081.2021.0993. Answering questions218.1722981.0000.7300.7325. Improvising experiments319.0822980.1921.0671.9587. Confident teaching300.1052980.4551.0040.8929. Teach effectively186.2512981.0000.6230.65911. Finding better ways318.4422980.1991.0650.89113. Understand concepts191.0732981.0000.6390.70714. Student interest263.2772980.9270.8810.874

The distribution of the estimated Knowledge Self-efficacy for each person displays a markedly negatively skewed distribution, with very few participants at the lower level of Knowledge Self-efficacy (Fig. [2](#Fig2){ref-type="fig"}, top). The person-item map for the Knowledge Efficacy items (Fig. [2](#Fig2){ref-type="fig"}, bottom) shows that the individual items tend to cluster at the lower levels of the latent trait. The person-item map also reveals some underlying problems with either the content or the scaling of the SETAKIST-R items. The item-responses on five of the eight items fail to map to the latent construct in the expected ordered way (indicated by a '\*' along the right vertical axis).Fig. 2Person-item *map* for the knowledge efficacy items

Item one has only a spread from 1 to 2 (strongly agree to agree) indicating that this item may not be needed in the scale if all inservice science teachers are reporting that they "do" feel that they have the necessary skills to teach science. There appears to be some issue regarding the option of "undecided/uncertain" with numbers two (agree) and three (undecided/uncertain) flipping positions in Items 2, 5, and 11.

### Rasch PCM analysis for the Teaching Efficacy Items {#Sec23}

The infit and outfit mean square residuals for the eight Teaching Efficacy items have MNSQ values within the 0.5--1.5 range (Table [5](#Tab5){ref-type="table"}), with the exception of item four, "invite the principal to evaluate my teaching," which falls outside of the outfit MNSQ = 1.592, indicating that this item fails to contribute much to the measurement of Teaching Self-efficacy.Table 5Infit and outfit statistics for the teaching efficacy itemsItem (abbreviated)Chi square*dfp* valueOutfit MSQInfit MNSQ2. Necessary skills215.0853211.0000.6680.7934. Principal evaluate512.6373210.0001.5921.1756. Teach well279.4263210.9550.8680.8388. Difficult topic249.3903210.9990.7750.84310. Difficult to explain229.1583211.0000.7120.72412. Teach something else309.8103210.6630.9620.86515. Anxious teaching393.8563210.0031.2231.18116. Better understanding284.8933210.9270.8850.870

The person-item map shows that the Teaching Efficacy items (Fig. [3](#Fig3){ref-type="fig"}) are reasonably distributed across the range of the latent-trait. The person-item map also reveals that there are some underlying problems with either the content or scaling of the SETAKIST-R Teaching Efficacy items. The person-item map also reveals that there are some underlying problems with either the content or scaling of the SETAKIST-R Teaching Efficacy items. The person reliability, corrected for extreme values, was very low at 0.68, yielding a separation index of only 1.5. The corresponding item reliability is just as poor, with an item reliability of 0.72 and separation index of only 1.6, far below the 0.90 and 3.0 needed to support the construct validity of the scale. This suggests that the Teaching Self-efficacy scale lacks sufficient sensitivity to discriminate individuals with high levels from those with lower levels of Teaching Self-efficacy. These low values could be a function of too few items assessed on a sample of individuals that fails to adequately represent the entire range of Knowledge Self-Efficacy.Fig. 3Person-item *map* for the teaching efficacy items

The distribution of the latent dimension associated with Teaching Self-efficacy is less skewed than Knowledge Self-efficacy and shows a wider range of values for Teaching Self-efficacy within the sample (Fig. [3](#Fig3){ref-type="fig"}, top). The item responses are also distributed across a wider range of the latent dimension, but still tend to cluster at the lower end of the latent dimension. Seven of the eight items have disordered mapping of the item responses to the underlying trait. Only one item, 12, "I might be better at teaching something other than science," maps in the expected ordered fashion. Items 2, 4, 6, 8, 10, 15, and 16 all flip on the agree (2) and undecided/uncertain (3) option. Interestingly, all these items use negative terms, like "not." This may contribute to inservice teachers apparent confusion about assigning "undecided" rather than "agree" to a negatively stated item.

Discussion {#Sec24}
==========

We have illustrated the academic lineage of an elementary science teacher self-efficacy scale, the SETAKIST (Roberts and Henson [@CR44]), heretofore unpublished in peer-reviewed literature, and its transition (with slight modifications) to the SETAKIST-R for use as one measure of a K-12 science TPD program. We administered the SETAKIST-R in a manner similar to Roberts and Henson ([@CR44]) to a convenience sample of 334 K-12 teachers attending a state-wide science teacher conference.

We described the validation data of the SETAKIST-R. It was hoped that the SETAKIST-R data would show it to be an adequate K-12 science teacher self-efficacy measure---it is short, can be administered in less than 10 min, and can be given repeatedly over the course of TPD with little imposition upon respondents.

In validating the SETAKIST-R, the initial Rasch PCM analysis suggested that there are potentially two dimensions to the SETAKIST-R consistent with Science Knowledge and Science Teaching constructs. This was modestly confirmed by the CFA. *However*, detailed analysis of the fit statistics, person and item reliabilities, and the person-item maps for the items within each dimension identified a number of problems with either the items, the scaling, or both.

Low person and item reliability (separation) are typically a function of too few items that fail to capture the entire range of the latent dimension and/or too few participants, with too little variation along the latent dimension in the sample to adequately assess either Knowledge or Teaching Self-efficacy. The person-item map reveals a number of issues that account for the poor performance of the two subscales with respect to their ability to adequately discriminate teachers with higher Teaching or Knowledge Self-efficacies from those with lower levels of self-efficacy. The failure of the item-responses to map to the underlying trait in an ordered fashion is particularly problematic. Potential sources for the observed disordered responses include:The use of verbal negatives and phrases in the composition of the items.Respondents often read through negatives (e.g., not) and interpret the item as stated in the affirmative.The use of negative sounding phrases such as "difficult to teach," "might be better at," "anxious when," "wish I understood better", may invite a negative mindset or may impart a defensive posture in respondents.The choice of scaling in which Strongly Agree is assigned 1 and Strongly Disagree assigned 5 is a bit counter-intuitive for many respondents.The above conditions combined can create overlapping problems for the respondents.Another problem is introduced with the alteration of positively and negatively worded items; from one item to another, one has a situation in which respondents may inadvertently circle a "4" (Agree) rather than a "2" (Disagree) or visa versa.There is debate as to whether inclusion of the option "undecided/uncertain" is appropriate for persons in the field. For pre-service teachers, it makes sense that they might feel unprepared on any or all of these items; but for inservice teachers, being in the field, they should either indicate that they "can" or "cannot" do (Bandura [@CR11], [@CR12]). Possibly offering "undecided/uncertain" to some items in this case prompted respondents to decline indicating a lack of skill or commitment. Or there was some other type of confusion between choosing "agree" (2) or "undecided/uncertain" (3).Use of modifiers such as those in item three "typically able" and 11 "continually improvising" could add to respondent confusion---what is "typical" and who does anything "continually?"

The Teaching Efficacy subscale contains eight items; given the wording and scoring, *higher* subscale scores imply increased Teaching Efficacy. The Knowledge Efficacy subscale contains seven items; given the negative wording of the items, scoring was reversed; hence, *higher* subscale scores imply increased Knowledge Efficacy.

To avoid having to "reverse score" items, they should be rewritten from their "negatively" stated aspect to one more "positively" stated. For example, Item 2, "I do not feel I have the necessary skills to teach science," could be re-written as "I have the necessary skills to teach science." This would avoid a "double negative" of sorts---I agree or disagree that I do not have skills. However, for purposes of this manuscript, substantial changes to item wording and scale presentation are beyond its scope of work. It does set into motion additional work to be completed on this scale before it is used as one of our TPD project evaluation measures. This work would need to be completed before we would offer the tool to the broader educational research community.

Item-responses lack sufficient spread across the Knowledge Efficacy latent trait indicating that the items themselves may not be good representations of the extent of Knowledge Efficacy. While the items appear to be better distributed across the Teaching Efficacy constructs, addition of more items that map to higher levels of Teaching Efficacy would improve the scale. One item arrayed only on "strongly agree" (1) and "agree" (2) indicating that inservice K-12 science teachers in this study already agree that they "welcome student questions;" hence, this item is of no consequence in the scale for this group. In earlier work done with this data, exploratory factor analysis removed this item from the scale when it failed to load adequately on either factor.

Limitations of the Study {#Sec25}
------------------------

The study sample was a *select* group of science teachers---those who chose to attend an intense weekend science TPD conference. Results from the sample may not generalize to more representative groups of K-12 science teachers. It may be that results were disarrayed because of the cross-sectional study design and the multiple variables associated with the demographics. There were no efforts to examine differences among demographic indicators using the IRT techniques, or determination of causal relationships between Science Teaching Efficacy and Science Knowledge Efficacy.

Instructions to respondents could have been reinforced by stressing that they report their "capabilities as of now" (Bandura [@CR11], p. 44), not their potential capabilities or their past performance. Simple definitions of self-efficacy, setting it apart from feelings, and aligning it with beliefs could have been offered to respondents to better acquaint them with this construct.

Recommendations {#Sec26}
===============

In prior statistical work utilizing our same data, our team performed factor analysis as was done by Roberts and Henson ([@CR44]). This classical approach yielded the same two-factor structure with one of the 16 items not loading on either subscale. Things looked promising. We applied multivariate analyses methods and observed that the SETAKIST-R showed no subject matter or grade level differences in our study sample, thus, we believed it could be used with our mixed grade level teacher programs. This analysis also disclosed interesting associations related to teachers receiving recognitions and teachers with greater number of years experience. We thought we might have a robust scale with two distinct constructs to use as a measure of our TPD program over an extended period of time---thus, being able to contribute to the longitudinal self-efficacy literature---and explain some demographic phenomena. But, our excitement was short-lived.

IRT techniques, including Rasch Analyses, gave us pause. In this more appropriate analysis, we confirmed the presence of the two factors; however, the item responses did not scale in order. A closer look at the item disarray in each subscale and the actual verbiage within items drew our attention to several issues: the configuration of negatively and positively stated items, the possible impact of negative terms/phrases and ambiguous modifiers, the likely effect of offering an "out" (uncertain/undecided) for inservice teachers, and disclosing the actual "values" of the response choices (1 for agree, 5 for disagree, being counterintuitive to some respondents).

Among the various measures that can be used to evaluate the benefits and impacts of TPD, self-efficacy holds a position (Moreno and Tharp [@CR35]). However, given what our data show, we cannot recommend the SETAKIST-R to be used in assessing K-12 science teacher self-efficacy with confidence.

While we have found several revisions of the STEBI as a standard of practice, such as the Mathmatics Teaching Efficacy Beliefs Instrument (MTEBI) (Enochs et al. [@CR22]), and even modifications of it (e.g., Bursal and Paznokas [@CR15]), we offer this lesson learned. Rather than attempting to revamp a scale, it might be better to go back to the "master" and begin again. Bandura ([@CR11], 2006) exhorts us to create scales that first invite us to indicate that we "can" or "cannot" do something; then, if indicating that we "can," we are to estimate the level to which we believe we can. He carefully outlines procedural instructions in the design of self-efficacy scales, starting with information gathered from other resources. He suggests that our items be phrased in terms of now---what we "can do" rather than what we "will do" (Bandura [@CR11], p. 43) and cautions against creating scales with fewer than 10-unit intervals as they may be less sensitive (Bandura [@CR11], p. 44). He notes that beliefs will differ in level (from simple to complex), generality (situation dependent or perception of importance), and strength (some entrance level assurance is needed to attempt a task, then individuals or collectives can persevere and increase mastery) (Bandura [@CR11], p. 43).

While building upon initial work done by pioneers in the field, teacher self-efficacy scale development has become fraught with copying and/or modifying existing items from other scales. By trying to improve or revamp each others' scales, we, the research community, may have created a type of "in-breeding" that clouds better thinking about efficacy item construction. It has certainly stymied growth in this promising field (Bong [@CR13]; Guskey and Passaro [@CR26]; Klassen et al. [@CR32]) and caused us to speak of scales as being reliable rather than scores (Henson et al. [@CR30]). In addition, there are some basic scale construction rules being ignored with regards to item development, response formats, identifying the latent variable (DeVellis [@CR20]), and in the way we treat raw data (Schumacker and Linacre [@CR51]). Further, there are issues in applying conventional factor analysis (good for identifying underlying variables) where Rasch analysis would be more informative in confirming the existence of a factor and in illustrating "item and person location on the variable" (Schumacker and Linacre [@CR51]).

In a review comparing efficacy research from 1986-1997 with that done from 1998 to 2009, Klassen et al. ([@CR32], p 39--40), we learn that there are four key areas suggested for future directions in efficacy research; there is a need to:Conduct qualitative studies to determine the sources of teacher efficacy---how they "form, develop, and change over time" (Klassen et al. [@CR32], p. 39)---these have yet to be fully researched and may vary over the career span and across cultures. We should also apply elements from the systematic research model used in student self-efficacy studies reported in Usher ([@CR60]) and Usher and Pajares ([@CR61]);Offer valid measurements---there is a prevalence of invalid or ill-reported measurements in the research literature;Connect teacher self-efficacy with student outcomes; andDetermine how teacher self-efficacy can be enhanced (e.g., TPD, teacher-researcher collaborations).

We further extend the conversation by suggesting that if science is viewed in its broadest most generalized terms, there may yet be a way to offer one scale as an outcome measure for mixed grade-level pre-collegiate science TPD programs. The National Science Education Standards (National Research Council [@CR36]), as well as the newer Framework for K-12 Science Education (National Research Council [@CR37]) which have influenced the Next Generation Science Standards ([@CR39]; <http://www.nextgenscience.org/>), speak of overarching themes, themes that cut across grade level and discipline---perhaps these are the areas to which science teacher self-efficacy measures could be pointing.

Conclusions {#Sec27}
===========

Our goal was to identify and validate a brief measure of science teacher self-efficacy. We summarized the academic lineage and evolution of the SETAKIST, heretofore unpublished in peer-reviewed literature. We modified three items of the SETAKIST, hence creating the SETAKIST-R, and collected empiric validation data. It was hoped that the SETAKIST-R, distilled from the work of others in the field, would perform well as a science teacher self-efficacy measure. The SETAKIST-R could be self-administered in less than 10 min and our data verified the presence of two underlying subscales---'Knowledge Efficacy' and 'Teaching Efficacy.' However, Rasch analyses indicated problems with item wording and scaling. Given that the SETAKIST-R is not robust, we do not recommend its use as a measure of science teacher self-efficacy.

Appendix: Self-Efficacy Teaching and Knowledge Instrument for Science Teachers-Revised (SETAKIST-R) {#Sec28}
===================================================================================================

To improve our program, we are trying to find out more about what science teachers think. There are no correct responses to the following statements. You are simply offering your opinion. Indicate your true feelings, not what you think may be a response that is expected. For each of the 16 items, circle the single best response according to the scale below. Your answers are strictly confidential and will be combined with others' responses so that no individual can be identified. **It is important that you respond to all statements circling only one answer:**![](10972_2013_9351_Figa_HTML.gif){#d30e2230}
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